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•  协助IBR设计中美中心零碳模块5000m2建筑	
•  搭建模拟分析模型，计算建筑能耗性能	
•  着重设计建筑围护结构，照明采光和暖通空调系统	
•  着重分析外遮阳影响自然采光，开窗和自然通风，以及暖通

空调系统系统性能分析	
•  第一期：2017十月～2018年1月，围护结构外遮阳，以及自然

通风	
•  第二期：2018年2月～4月，自然通风和热舒适，暖通空调	
•  第三期：2018年5月～8月，暖通空调	
•  第四期：2018年9月～12月，报告与汇总	

产出：	
•  中美中心零能耗模块设计方法	
•  夏热冬冷地区净零能耗建筑设计导则	



Model	Se@ngs	模型基本参数设置 
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  Office area Staircase New-air system 

Construction 
Roof U value (W/m2K) 0.64 

External wall U value (W/m2K) 1.2 

Floor U value (W/m2K) 1.2 
Window U value (W/m2K) 1.623 

Window SHGC 0.316 
Activity, Lighting and HVAC 

Occupancy density (People/m2) 0.1 

Lighting density (W/m2) 5 2 0 
Equipment density (W/m2) 5 0 0 

Cooling system Fan Coil Unit, Water cooled chiller 
Natural Ventilation 

Cooling method Mechanical Cooling + Natural Ventilation 
Cooling schedule Mechanical Cooling: May to Oct; 

Natural Ventilation: Jan to Apr & Nov to Dec. 
Window opening 15% 

Outdoor temperature limits Min: 10oC, Max: 30oC 



Part	1:	Window	to	Wall	Ra2o	
第一部分，窗墙比	

Footer	 7	



WWR	and	Shades 
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Case1-1(WWR40%) Case1-2(WWR70%) Case1-3(WWR100%) 
　 　 　 

　 
EUI(kWh/m2)in 

total area 
EUI(kWh/m2)in 
conditioned area Lighting(kWh/m2) Cooling (kWh/

m2) 
Leed qualified 

area (%) 

Case1-1 39.38 46.16 4.4 15.81 87.7 
Case1-2 42.84 50.21 2.95 18.88 99.7 
Case1-3 46.62 54.65 2.62 21.34 100 

Case1-4(WWR40%+Shade) Case1-5(WWR70%+Shade) Case1-6(WWR100%+Shade) 
　 　 　 

　 
EUI(kWh/m2)in 

total area 
EUI(kWh/m2)in 
conditioned area Lighting(kWh/m2) Cooling (kWh/

m2) 
Leed qualified 

area (%) 

Case1-4 37.93 44.47 5.73 13.71 74.7(Fail) 
Case1-5 37.89 44.42 3.67 14.68 96.1 
Case1-6 40.31 47.25 3.05 16.32 99.6 

Notes: Double horizontal shade in south (1m), vertical shade in east and west(0.6m wide and 0.6m 
interval).  



Dayligh2ng	Credit	-	LEED	v3	NC	2009	IEQ	8.1 
• A	dayligh<ng	credit	is	available	if	at	least	75%	of	net	lightable	area	in	occupied	spaces	is	
adequately	daylit,	having	illuminance	within	the	range	10-500	fc.		
• The	results	below	were	calculated	using	the	Radiance	simula<on	engine	which	provides	a	
detailed	mul<-zone	physics-based	calcula<on	of	illumina<on	levels	on	the	working	planes	
of	the	building. 
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Daylighting data 

Sky model CIE clear day 

Time 1 9:00, 21 Sep 

Time 2 15:00, 21 Sep 

Location SHENZHEN 

Working plane height (m) 0.750 

Max Grid Size (m) 0.200 

Min Grid Size (m) 0.050 

Illuminance lower threshold (lux) 110.000 

Illuminance upper threshold (lux) 5400.000 



Sep	21	
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Case	1-1:		WWR	40% 

Summary Results 
Total area (m2) 4433.259 
Total area above threshold (m2) 3908.905 
% Area within illuminance threshold 
limits 88.2 
LEED v3 NC 2009 IEQ 8.1 Status PASS 

Daylighting Credit - LEED v3 NC 2009 IEQ 8.1 

Zone 
Floor 
area 
(m2) 

Min 
Illumination 

(lux) 

Working plane 
area within 
Limits (%) 

Floor3:OfficeArea 630.341 34.5 82.2 
Floor4:OfficeArea 630.341 34.6 86.5 
Floor5:OfficeArea 630.341 29.2 85.9 
Floor6:OfficeArea 630.341 26.1 87.4 
Floor7:OfficeArea 630.341 30.5 88.4 
Floor8:OfficeArea 630.341 28.9 92.6 

Energy Per 
Total Building 

Area [kWh/
m2] 

Energy Per 
Conditioned 

Building Area 
[kWh/m2] 

Total Site Energy 39.38 46.16 

Net Site Energy 39.38 46.16 
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Case	1-2:		WWR	70% 

Summary Results 
Total area (m2) 4433.259 
Total area above threshold (m2) 4422.161 
% Area within illuminance threshold 
limits 99.7 
LEED v3 NC 2009 IEQ 8.1 Status PASS 

Daylighting Credit - LEED v3 NC 2009 IEQ 8.1 

Zone 
Floor 
area 
(m2) 

Min 
Illumination 

(lux) 

Working plane 
area within 
Limits (%) 

Floor3:OfficeArea 630.341 82.6 99.8 
Floor4:OfficeArea 630.341 80.4 99.8 
Floor5:OfficeArea 630.341 77.0 99.7 
Floor6:OfficeArea 630.341 82.9 99.7 
Floor7:OfficeArea 630.341 82.4 99.8 
Floor8:OfficeArea 630.341 86.4 99.8 

Energy Per 
Total Building 

Area [kWh/
m2] 

Energy Per 
Conditioned 

Building Area 
[kWh/m2] 

Total Site Energy 42.84 50.21 

Net Site Energy 42.84 50.21 
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Case	1-3:		WWR	100% 

Summary Results 
Total area (m2) 4433.259 
Total area above threshold (m2) 4432.086 
% Area within illuminance threshold 
limits 100.0 
LEED v3 NC 2009 IEQ 8.1 Status PASS 

Daylighting Credit - LEED v3 NC 2009 IEQ 8.1 

Zone 
Floor 
area 
(m2) 

Min 
Illumination 

(lux) 

Working plane 
area within 
Limits (%) 

Floor3:OfficeArea 630.341 109.0 100.0 
Floor4:OfficeArea 630.341 112.1 100.0 
Floor5:OfficeArea 630.341 111.9 100.0 
Floor6:OfficeArea 630.341 122.7 100.0 
Floor7:OfficeArea 630.341 109.8 100.0 
Floor8:OfficeArea 630.341 120.9 100.0 

Energy Per 
Total Building 

Area [kWh/
m2] 

Energy Per 
Conditioned 

Building Area 
[kWh/m2] 

Total Site Energy 46.62 54.65 

Net Site Energy 46.62 54.65 
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Case	1-4:		WWR	40%	+Shade 

Summary Results 
Total area (m2) 4433.259 
Total area above threshold (m2) 3312.757 
% Area within illuminance threshold 
limits 74.7 
LEED v3 NC 2009 IEQ 8.1 Status FAIL 

Daylighting Credit - LEED v3 NC 2009 IEQ 8.1 

Zone 
Floor 
area 
(m2) 

Min 
Illumination 

(lux) 

Working plane 
area within 
Limits (%) 

Floor3:OfficeArea 630.341 27.9 68.4 
Floor4:OfficeArea 630.341 16.6 69.9 
Floor5:OfficeArea 630.341 19.5 72.1 
Floor6:OfficeArea 630.341 16.9 71.2 
Floor7:OfficeArea 630.341 18.7 71.5 
Floor8:OfficeArea 630.341 27.6 76.5 

Energy Per 
Total Building 

Area [kWh/
m2] 

Energy Per 
Conditioned 

Building Area 
[kWh/m2] 

Total Site Energy 37.93 44.47 

Net Site Energy 37.93 44.47 
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Case1-5:		WWR	70%	+Shade 

Summary Results 
Total area (m2) 4433.259 
Total area above threshold (m2) 4260.881 
% Area within illuminance threshold 
limits 96.1 
LEED v3 NC 2009 IEQ 8.1 Status PASS 

Daylighting Credit - LEED v3 NC 2009 IEQ 8.1 

Zone 
Floor 
area 
(m2) 

Min 
Illumination 

(lux) 

Working plane 
area within 
Limits (%) 

Floor3:OfficeArea 630.341 52.0 94.3 
Floor4:OfficeArea 630.341 50.1 96.9 
Floor5:OfficeArea 630.341 50.1 93.8 
Floor6:OfficeArea 630.341 39.0 94.6 
Floor7:OfficeArea 630.341 41.9 94.7 
Floor8:OfficeArea 630.341 54.0 99.3 

Energy Per 
Total Building 

Area [kWh/
m2] 

Energy Per 
Conditioned 

Building Area 
[kWh/m2] 

Total Site Energy 37.89 44.42 

Net Site Energy 37.89 44.42 
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Case	1-6:		WWR	100%	+Shade 

Summary Results 
Total area (m2) 4433.259 
Total area above threshold (m2) 4416.498 
% Area within illuminance threshold 
limits 99.6 
LEED v3 NC 2009 IEQ 8.1 Status PASS 

Daylighting Credit - LEED v3 NC 2009 IEQ 8.1 

Zone 
Floor 
area 
(m2) 

Min 
Illumination 

(lux) 

Working plane 
area within 
Limits (%) 

Floor3:OfficeArea 630.341               93.2                    99.9 
Floor4:OfficeArea 630.341               68.8                    99.5 
Floor5:OfficeArea 630.341                                   70.9                    99.6 
Floor6:OfficeArea 630.341               71.9                    99.5 
Floor7:OfficeArea 630.341               72.4                    99.6 
Floor8:OfficeArea 630.341               70.2                    99.5 

Energy Per 
Total Building 

Area [kWh/
m2] 

Energy Per 
Conditioned 

Building Area 
[kWh/m2] 

Total Site Energy 40.31 47.25 

Net Site Energy 40.31 47.25 



1.  Shading design setting helps all models (40%WWR, 
70%WWR and 100%WWR) has lower EUIs. 

2.  40% and 70% WWR is the most suitable type for the 
Sino-US Low Carbon Building and Community 
Innovation Experimental Center as its low energy 
unit density and more LEED qualified area after the 
shading setting.  

3.  The difference between 40% and 70% is not 
significant on energy use. 100% is not recommended 
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Conclusions on WWR 
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Part	2:	Zoning	
第二部分，建筑功能区域调整	
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Based on the former conclusion, models following are all with 70%WWR. 
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Footer	 22	

 

1.   Space moving (case2-2) can help the building to decrease the 
EUI. 

2.  The courtyard (case3) can help the building to improve the 
daylighting, but the EUI will increase.  

Conclusions on zoning 



Part	3:	Shading	design	
第三部分，遮阳设计	
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Footer	 31	



Footer	 32	

 

1.  Vertical shading on east and west facade can improve the 
daylighting and decrease the EUI. 

2.  Double horizontal shading (70% WWR) in south and north 
can improve the daylighting and decrease the EUI. 

3.  Interior shading will be researched in the next round. 

Conclusions on shading design: 
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Part	4:	Natural	Ven2la2on	Design	
第四部分，自然通风设计	



Model	Se@ngs	

Test	Cases	 Descrip2ons	 Schedule	 System	Se@ng	 Window	Opening	

Baseline	
Mechanical	Cooling	and	
Ven<la<on	for	the	office	
spaces	

Whole	year	

•  4-pipe	FCU	with	OA	&	
No	Hea<ng	

•  Cooling	Setpoing:	26	⁰C	
•  Occupied	Schedules:		
								7am	to	20pm	Mon	to	Fri	
•  Summer	Clo=0.5	
•  Winter	Clo=1.0	

0%	

Case	1	

Mechanical	Cooling	+	Natural	
Ven<la<on	

Mechanical	Cooling+Vent:	
May	to	Oct;	
	
Natural	Ven<la<on:		
Jan	to	Apr	&	Nov	to	Dec.	
	

5%	

Case	2	 15%	

Case	3	 25%	

Case	4	 35%	

Case	5	 45%	

Case	6	 50%	

Notes:	1)	Windows	are	set	to	open	on	top.	
													2)	Modeled	building	total	area	is	4451.36	m2.	
													3)	Modeled	net	condi<oned	area	is	3794.97	m2.	
													3)	Cases	are	modeled	in	DesignBuilder	v5	with	Energy+	v8.	



Preliminary	Results:	Energy	Consump2ons	Comparison	

Test	Cases	 Descrip2on	 Building	Total	
Energy	(KWh)	

Energy	Per	Net	
Condi2oned	Building	

Area	(kWh/m2)	

Total	Energy	
Difference	(%)	

Cooling	Energy	Per	
Net	Condi2oned	

Building	Area	(KWh/
m2)	

Cooling	Energy	
Reduc2on	(%)	

Baseline	 MC+MV	 195577.96	 51.54	 -	 23.26	 -	

Case	1	 NV	5%Open	 167458.37	 44.13	 -14.4%	 17.89	 -23.1%	

Case	2	 NV	15%Open	 166954.61	 43.99	 -14.6%	 15.29	 -34.3%	

Case	3	 NV	25%Open	 175113.99	 46.14	 -10.5%	 14.92	 -35.9%	

Case	4	 NV	35%Open	 184837.28	 48.71	 -5.5%	 14.96	 -35.7%	

Case	5	 NV	45%Open	 195233.69	 51.45	 -0.2%	 15.18	 -34.7%	

Case	6	 NV	50%Open	 200549.3	 52.85	 2.5%	 15.32	 -34.1%	



Preliminary	Results:	Thermal	Comfort	Comparison	

Thermal	Comfort	PMV	Values	in	Offices	During	Occupied	Hours	

Test	Cases	 Descrip2on	 Average	 Max	 Min	

Baseline	 MC+MV	
0.42	 1.24	 0.07	

Case	1	 NV	5%Open	
0.36	 1.26	 -0.07	

Case	2	 NV	15%Open	
0.16	 1.23	 -0.24	

Case	3	 NV	25%Open	
0.12	 1.22	 -0.27	

Case	4	 NV	35%Open	
0.10	 1.21	 -0.29	

Case	5	 NV	45%Open	
0.09	 1.21	 -0.29	

Case	6	 NV	50%Open	
0.09	 1.21	 -0.30	

The	results	indicate	that	the	PMV	value	decreases	with	larger	window	opening	area.	



Whole	Building	Annual	Performance	Comparison	

Mechanical	Cooling+Ven<la<on	 Natural	Ven<la<on	with	15%	window	opening	



Office	Space	on	Floor	3	Performance	Comparison	in	a	
Typical	Week	in	January	

Mechanical	Cooling+Ven<la<on	 Natural	Ven<la<on	with	15%	window	opening	



Office	Space	on	Floor	3	Temperatures	and	PMV	
Comparison	in	a	Typical	week	in	January		

Mechanical	Cooling+Ven<la<on	 Natural	Ven<la<on	with	15%	window	opening	



Natural	Ven2la2on	Thermal	Comfort	Distribu2on	

Cold,	825,	29%	

Comfort,	1675,	58%	

Hot,	379,	13%	

PMV	Values	for	Office	on	Floor	3	with	NV	15%	window	opening	in	January	to	April	

Cold	 Comfort	 Hot	



Natural	Ven2la2on	PMV	Distribu2on	During	Occupied	
Hours	in	January	
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ASHRAE	Std	55	Adap2ve	Method	for	Natural	Ven2la2on	
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Outdoor	Air	Tepmeprature	(oC)	

Adap2ve	Thermal	Comfort	for	Natural	Ven2la2on	in	January	to	April	(Floor	3	Office)	

80%	acceptability	limits	

90%	acceptability	limits	

January	to	April	
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Outdoor	Air	Tepmeprature	(oC)	

Adap2ve	Thermal	Comfort	for	Natural	Ven2la2on	in	Nov	and	Dec	(Floor	3	Office)	

80%	acceptability	limits	

ASHRAE	Std	55	Adap2ve	Method	for	Natural	Ven2la2on	
																																						

90%	acceptability	limits	

November	to	December	



Natural	Ven2la2on	CFD	Analysis	

•  Case	Study:	a	winter	typical	weekday	in	January	
•  Floor	3	Office	Space:	natural	ven<la<on	with	window	
15%	open	on	top	

•  Clothes	value:	winter	CLO	=	1.0	
•  CFD	model:	K-E	model	
•  Boundary	condi<ons	are	calculated	with	the	typical	
winter	week	condi<ons.	



Natural	Ven2la2on	CFD	–	Temperature	and	Velocity	
Contour	at	the	Seat	Level		

FL3	Office	Space	
•  The	outdoor	air	

temperature	is	
about	16⁰C.	

•  The	indoor	space	
temperature	is	
rela<vely	cold	
around	16.8⁰C.	



Natural	Ven2la2on	CFD	–	Temperature	and	Velocity	
Contour	at	the	room	center	

FL3	Office	Space	(Face	to	North)	

•  It	clearly	shows	the	cold	air	flows	downwards	from	the	top	of	the	window	to	the	floor.	



Natural	Ven2la2on	CFD	–	Temperature	and	Velocity	
Contour	at	the	room	center	

Air	mostly	flows	into	the	space	
from	the	east	side	windows.	FL3	Office	Space	



Natural	Ven2la2on	CFD	–	Thermal	Comfort	PMV	

FL3	Office	Space	

•  It	shows	the	PMV	value	in	the	
Floor	3	office	space	is	around	-2	
on	Jan	22,	Tuesday.	

•  People	can	adjust	clothes	or	
adjust	the	window	opening	when	
the	outdoor	air	temperature	is	
cold	to	achieve	adap<ve	comfort.	



Future	Studies	

•  CFD	analysis	with	different	wind	direc<ons	
•  CFD	analysis	with	different	window	open	direc<on	
•  Find	the	appropriate	opera<on	schedule	for	natural	
ven<la<on	

•  Mixed	mode	opera<on	with	natural	ven<la<on	and	
mechanical	cooling	



	
	

Thank	you	
Ques<ons?	
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